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Polycaprolactone (PCL) scaffolds have been widely used for bone tissue engineering. However, PCL is 
not good due to the lack of cell recognition sites and hydrophobic surface. Hyaluronic acid (HA) is a gly-
cosaminoglycan that plays an important role in adhesion, migration and proliferation. The object of this 
study is to fabricate the polymeric thin film in order to improving the preosteoblast cells adhesion and pro-
liferation on HA immobilized PCL scaffolds using amine plasma polymerization. HA immobilized PCL scaf-
fold showed no significant effect on preosteoblast cell attachment and proliferation.  
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1. INTRODUCTION 
 
In tissue engineering, the scaffold serves as a three-
dimensional (3D) template for cell adhesion, prolifera-
tion and differentiation and provides an appropriate 
environment for the newly formed tissue [1]. The porous 
biodegradable polymeric scaffolds have been widely used 
for regenerating tissues and organs [2]. The synthetic, 
biodegradable polycaprolactone (PCL) has received con-
siderable attention for tissue engineering, especially for 
bone and cartilage regeneration since it has appropriate 
mechanical properties, is less expensive and is easily 
fabricated into complicated shapes with appropriate po-
rosity [3-5]. However, one of the main defects of the PCL 
scaffold is the highly hydrophobic surface, which can 
cause lack of initial cell attachment and proliferation. To 
improve the hydrophilicity and biological properties of 
PCL scaffolds various techniques have been applied [6]. 
One of the surface modification techniques is plasma 
polymerization that has proven to be a highly successful 
means of developing functional interfaces for the immo-
bilization of biomolecules and drives adhesion, spreading 
and proliferation of cells [7,8]. Hyaluronic acid (HA) is 
biodegradable polysaccharide composed of repeating 
disaccharide units of D-glucuronic acid and N-acetyl-D-
glucosamine [9]. Furthermore, HA plays an important 
role in adhesion, migration and proliferation [10]. HA is 
negatively charged due to the carboxyl group of glucu-
ronic acid. Therefore, a biomaterial surface with an op-
posite charge can boost the first contact of the cell to the 
surface until the cell synthesizes matrix proteins to me-
diate the fundamental integrin contact in focal adhesion 
[11]. 
The aim of this study is to evaluate preosteoblast 
cells (MC3T3-E1) attachment and proliferation on HA 
immobilized 3D PCL scaffolds through amine plasma 
polymerization. 
2. EXPERIMENTAL DETAILS 
 
2.1 Materials 
 
3D-PCL was purchased from 3D Biotek (USA). Al-
lylamine (AAm), EDC (1-ethyl-3-[3dimethylamino-
propyl] carbodiimide hydrochloride), sodium phosphate, 
NHS (N-hydroxysuccinimide) were purchased from 
Aldrich.  Methyl orange (MO) was purchased from To-
kyo chemical industry. HA was obtained from MP Bio-
medicals (USA).  
 
2.2 Plasma Polymerization  
 
3D PCL surface modification was carried out by de-
positing a polymeric layer containing amine groups 
through plasma polymerization of monomer, AAm using 
radio frequency discharge device (MINIPLSAMA, Ko-
rea). The AAm vapor was introduced to the reactor at a 
flow rate of 20 SCCM. Plasma-polymerization was car-
ried out at a discharge power of 50 W for 5-15 min. After 
the plasma-polymerization, AAm thin film layers 
formed on the 3D PCL scaffolds surface. These speci-
mens are called “PCL/NH2”.  
 
2.3 HA Immobilizatiom  
 
The HA was immobilized onto the -NH2 functional-
ized surface in an EDC-NHS aqueous solution at a con-
centration of 4 mg/mL (EDC/NHS  4/1 (w/w)) for 3 h 
with gentle shaking at 0℃ [12]. The samples were then 
immersed in a 5 g/L HA solution for 24 h with mild stir-
ring at 0℃. The primary amine (H2N-) of the PCL/NH2 
surface was reacted with the COOH group of the HA 
molecules. The prepared samples were rinsed with dis-
tilled water to remove the unbound HA and are referred 
to as “PCL/NH2/HA”. 
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2.4 Surface Characterization 
 
The surface morphology of the before and after plas-
ma polymerization or HA grafting on the 3D PCL scaf-
folds was observed Field emission-scanning electron mi-
croscopy (FE-SEM; S-4800, Hitachi, Japan). The chemi-
cal bonding of the polymer layer was analyzed by Flouri-
er transform infrared spectroscopy (FT-IR; Spectrum 400, 
PerkinElmer, UK). 
 
2.5 Cell Culture 
 
MC3T3-E1(ATCC CRL-2953) cell, a clonal preosteo-
blastic cell line derived from newborn mouse calvaria, 
were cultured in α-MEM medium and 5 % CO2 at 37℃ 
with cell seeding density of 1×104 cell/ml. 
 
2.6 Cell Proliferation  
 
The proliferation of MC3T3-E1 cells was examined 
by MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide to a purple formazan product, Sig-
ma-Aldrich) assay after 5 and 15 min of culture. All 
samples were placed into a 12-well plate and seeded with 
a density of 2×105 cells/ml. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Morphologies of 3D PCL Scaffolds 
 
Fig. 1 shows the surface morphologies of pristine 3D 
PCL, plasma-polymerized 3D PCL, and HA immobi-
lized 3D PCL scaffolds.  
 
 
 
Fig. 1 – The FE-SEM micrographs of pristine 3D PCL, plas-
ma-polymerized 3D PCL, and HA immobilized 3D PCL scaf-
folds. (a-1,2): 3D PCL surface, (a-3): cross-section; (b-1,2): NH2 
coated 3D PCL cross-section; (c-1): 3D PCL surface, (c-2) 
NH2/PCL, and (c-3) HA/NH2/PCL. 
 
The left photographs show the changes of 3D PCL sur-
face color after the AAm plasma- polymerization and 
HA immobilization. Fig. 1a-1, 2, 3 presents FE-SEM 
images of 3D PCL scaffolds with relatively flat surfaces. 
The AAm polymer layer is approximately 100 nm 
thickness (Fig. 1b-2). Fig. 1c-1, 2, 3 shows enlarged FE-
SEM images of the each 3D PCL scaffold. The micro 
pore size of plasma-polymerized PCL scaffolds surface 
is smaller than that of untreated PCL scaffold. It may 
be effect of polymer thin films on the PCL scaffolds. 
 
 
 
3.2 Surface Characterization 
 
Fig. 2 presents the basic scheme for the entire reac-
tion including plasma polymerization and HA immobili-
zation on PCL scaffolds. Fig. 3 shows the FTIR spectra 
of the pristine PCL, PCL/NH2, and PCL/HA scaffolds 
surfaces. To identify the chemical bonding in each step 
for the entire reaction process, FTIR spectrometry is a 
very powerful technique. The FTIR spectrum clearly 
shows several absorption bands characteristic of the 
presence of primary and/or secondary amine (3380 cm-1) 
groups, multiple absorption bands arising from CHx 
bond stretches (2900–3000 cm-1) in Fig. 3 [13]. The C–H 
bending in methylene (–CH2–, approximately 1460 cm-
1), in vinyl groups (–CHCH2, approximately 1430 cm-1) 
are also present in the AAm spectrum (the peak did not 
show in Fig. 3). After HA was immobilized onto 
PCL/NH2 samples, the band near 1500 cm-1 increased.  
 
 
 
Fig. 2 – The basic process for the entire reaction including 
plasma polymerization and HA immobilization on PCL scaf-
folds 
 
 
 
Fig. 3 – FTIR spectra of (a) PCL, (b) PCL/NH2, (c) 
PCL/NH2/HA scaffolds 
 
3.3 Biological Activity  
 
To investigate the cell proliferation, we used to MTT 
assay. Fig. 4 shows the proliferation of preosteoblast 
MC3T3-E1 cells cultured on pristine 3D PCL scaffold 
(control), PCL/NH2, and PCL/HA scaffold for 5 and 15 
min. For PCL/NH2 scaffold, as the increase culturing 
time, cell proliferation is increased. However, it could be 
seen that the initial proliferation of MC3T3-E1 cell on 
the HA immobilized PCL scaffold was almost equal or 
decrease. The MTT results in the present study indicate 
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that the immobilization of HA have no significant effect 
on preosteoblast cell initial attachment and proliferation. 
It may be that presence of HA as the outermost layer 
appeared to have a more negative effect on osteoblast 
attachment than control groups. The anti-adhesive na-
ture of HA has been previously reported and unalloyed 
Ti grafted with HA was shown to inhibit both osteoblast 
and fibroblast attachment [14]. To understand this phe-
nomenon of poor osteoblast adhesion on PCL/HA scaffold 
surfaces, MC3T3-E1 cells adhesion assays were carried 
out on control, PCL/NH2, and PCL/HA samples. PCL/HA 
surface exhibited significantly low cell coverage as com-
pared to pristine 3D PCL scaffolds. Cassinelli et al. have 
reported that although HA does not support cell adhe-
sion, it does not adversely affect the viability of cells [15]. 
 
 
 
Fig. 4 – Effects of surface modification of PCL/NH2, PCL/HA 
using plasma on MC3T3-E1 osteoblast-like cell proliferation. 
*P<0.05; **P<0.01. 
 
 
 
Fig. 5 – Effects of surface modification of PCL/NH2, PCL/HA 
using plasma on MC3T3-E1 osteoblast-like cell adhesion. 
*P<0.05; **P<0.01. 
 
4. CONCLUSION 
 
Allylamine plasma-polymerization provides suitable 
functional group such as -NH2 and charge on the surface 
of 3D PCL scaffolds. In addition, HA was successfully 
immobilized on polymer films containing the amine 
groups. However, HA immobilized PCL scaffolds showed 
no significant effect on MC3T3-E1 cells of initial stage 
attachment and proliferation. HA immobilization could 
be useful method where cell adhesion is undesirable, 
such as orbital fractures, where muscles should avoid 
adhesion to the implant.  
 
AKNOWLEDGEMENTS 
 
This research was supported by the National Re-
search Foundation of Korea (NRF) funded by the Minis-
try of science, ICT & Future Planning (No. R13-2008-
010-00000-0). 
 
 
REFERENCES 
 
1. R. Vasitaa, K. shanmugama, D.S. Katti, Current Topics in 
Medicinal Chemistry 8, 341 (2008). 
2. A.G. Mikos, J.S. Temenoff. Electron J. Biotechnol. 3 
(2000). 
3. P.A. Gunatillake, R. Adhikari, Eur. Cell Mater. 5, 1 (2003). 
4. D.W. Hutmacher, J. Biomater. Sci. Polym. Ed. 12, 107 
(2001). 
5. J.M. Williams, Biomaterials 26, 4817 (2005). 
6. G.M. Laleh, P.P. Molamma, M. Mohammad, N.E. Mo-
hammad Hossein,  S. Ramakrishna, Mat. Sci. Eng. C 30, 
1129 (2010). 
7. P. Favia, R. d’Agostino, Surf. Coat. Technol. 98, 1102 (1998). 
8. S. Lee, G. Hsiue, P.C. Chang, C. Kao, Biomaterials 17, 
1599 (1996). 
9. G. Kogan, L. Soltes, R. Stern, P. Gemeiner, Biotechnol. 
Lett. 29, 17 (2007). 
10. Y. Wang, L. Guo, L. Ren, S. Yin, J. Ge, Q. Gao, Biomed. 
Mater. 4 (2009). 
11. L. Ma, C. Gao, Z. Mao, J. Zhou, J. Shen, X. Hu, C. Han, 
Biomaterials 24, 4833 (2003). 
12. Y.T. Sul, C.B. Johansson, S. Petronis, A. Krozer, Y. Jeong,  
A. Wennerberg, Biomaterials 23, 491 (2002). 
13. M. Tatoulian, F. Brétagnol, F. Arefi-Khonsari, J. Amour-
oux, O. Bouloussa, F. Rondelez, A. John Paul, R. Mitchell, 
Plasma Process. Polym. 2, 38 (2005).  
14. L.G. Harris, L.M. Patterson, C. Bacon, I. Gwynn, R.G. 
Richards, J. Biomed. Mater. Res. A. 73, 12 (2005). 
15. C. Cassinelli, M. Morra, A. Pavesio, D. Renier, J. Bio-
mater. Sci. Polym. Ed. 11, 961 (2000). 
 
